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IMTRODUCTIOH 


Th« purpose of the present study is to evsluate the quality 
of rainfall intensity estisMtes derived fron passive nicrovave 
swasurenents by the Electrically Scanned Microwave Radiosieter 
(ESMR-5) aboard the Niobas-5 satellite. The siicreinive sieasureMents 
used are those coincident with the 6ARP (Global Atamspheric Research 
Prograsi) Atlantic Tropical Experiaent (GATE). ESMR-5 derived rain- 
fall Intensity estinates are coaipared with hourly averaged GATE radar 
rainfall masureawnts • Using the radar neasuresMnts as ground truth 
it is deterained that with the transfer curves derived herein the 
BSMR-5 derived data consistently over estiaates rainfall by a factor 
of approxiaately 1.4. 

RESEARCH PLAN 

The BSMR-5 data set used herein consists of coaputer printouts 
of sdcrowave brightness teaperature aeasureaents for seventy-nine 
(79) Miabns-5 overpasses coincident with GATE radar rainfall aeasure- 
aents. The following tasks were conqpleted in assessing the quality 
of these datat 

1. Collect and verify computer printouts of ESMR-5 GATE coincident 
data. 

2. Convert ESMR-5 brightness tesqperatures to rain intensity esti- 
aates for the two-degree square of the earth's surface centered 
at (23.5* W, 8.5* N) . 

3. Coapare ESNR-5 derived rain intensity estiisates with coincident 
GATE radar aeasureaents of rainfall. 


mm9S9iL<m 


1. Data' Collaccion and praparatlon 

Tha BSMR-5 data are available on conpnter tape at Goddard 
Space Flight Center. A eearch was aade of the ESMR-5 data 
catalogues to locate GATE coincident data. Their references are 
given in Table 1. Coaqsuter printouts of these data were provided 
by Dr. Paul W. Hwang of Goddard. The printouts indicate bright- 
ness tenperatures %rlth their latitude-longitude locations and 
beam positions. 

niose data points coincident with the GATE are located and 
plotted on a grid representing the two degree square centered at 
(23.5'*’ W, 8.5° N). Beam position, brightness tesiperature , and 
scan angle are recorded for each. Then a correction of the bright- 
ness tesperature is carried out. This correction schesM is given 
by wilheit C3, Table S~3j and is a function of beam position. 

GATE radar rainfall data are available on both magnetic tape 
and sdcrofilm from the $ATE World Archives. Also, a GATE Radar 
■Rainfall Atlas is available. Among the data sets contained 
in the Atlas are tables indic^^ *ng one hour, three hour, six hour, 
twelve hour, and twenty-four hour mean area precipitation rate for 
the fifteen geographic areas shown in Figure 1 . GATE radar 

derived hourly rainfall intensity estimates for the entire GATE 
area on a grid of (l^.25° x 0.25° were obtained on microfilm from 
the GATE World Archives. See Figure 4. 
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Flgur* 3 indloattts th« fomr one-^«gr«« wqumrm rmgioua into 

o o 

lAkich th« two<-d«gr«« squar* region centered et (23.S w* 8.5 h) 
wee divided. Mean BSMR-5 derived rainfall intensity estinates 
for the entire region and for <i^aeh of the four suhregieos were 
coaqonted for GATE coincident NiaOms-S overpasses. These aeans 
were also coopnted for corresponding GATE radar rain rate esti- 
■ates. 

2. Conversion of ESMR-5 Brightness Teaqperatures to Rain Rates 
Rain intensity for each data point is determined via 
an appropriate brightness temperature/rain rate relation. 

In the present study two such relations are used. 

Using ESMR-5 data for September 2* 1974, GMT 12t57- 
13s 04, when Hiodous-S %ras directly over the GATE area, arith- 
metically averaged brightness tragseratures for areas 1 through 
12 in Figure 1 were determined. A brightness temperature/rain 
rate relation was detensined using a least squares linear fit 
of these temperatures plotted against hourly precipitation 
rates for corresponding areas [2j . The resulting relation 
has the equation 

R - 0.031T - 4,258. 

fAiere R denotes rain rate and T denotes brightness temperature. 

The second is a freezing level dependent ralatlon derived 
from the Wilheit curves [4j shown in Figure 2. This relation 
is an interpolation of the 4km and 5 km freezing leviil curves 


ORIGINAL PAGE 
OF POOR QUALITY 


- 4 - 


to corrsspond to a fraassla«f laval of 4.7 kM ahich wora closaly 
approKiaataa OATS condi,tiona. Tha foraula for tha ralation la 

f'O ,01 T£ 185 

/ O.IOIT - 18.643, 186i;Tl2l7 

3 0.1I6T ^ 21.962, 218<T<247 

1 

0.217T - 46.829, 248 

irtiara R danotaa rain rata and T danotaa brlghtnaas taaparatnra. 

RESULTS AWP COHCLI^OBS 

The ralation (*)R - 0.031T - 4.258 vas used to calculata rain 
intanslty for each ESNR-5 data point. Of the twelve areas in Figure 
1, only area 11 is entirely within the two-degraa square centered at 
(23.5‘’ W, 8.5‘^N). Thus, in this instance, ES^-5 rain intensity 
astisiates for area 11, darling using tha ralation (*) were coaqsarad 
with GATE radar derived hourly aaan precipitation rates C2j for this 
area* Tid>la 3 is a sunnary of the results and shows that the ralation 
(*) leads to an over estimation of rainfall. However, consistency in 


, 0 < T 4 185 

18.643, 186t=T~217 
21.962, 218 247 

46.829, 248 ^T 

sound curves, a nssra coeqprehansive 


tha estimations is evident. 
Since tha ralation 
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R« 

f 0.116T - 

I 

' 0.217T - 

is derived from theoretically 
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analysis was carried out on rain rate estiMtea derived via this 
famula. of the 78 available GATE coincident ESMR-5 sensings only 
68 could be switched with coincident GATE radar derived hourly rain- 
fall intensity sMasuresMnts. Using these data, for each switched 
overpass# sMan rain intensity estisuites (ESMR-5 and radar) were cosh* 
puted for each of the five regions (1# XI# XXI# XV, and G) shown in 
figure 3. 

Mean rain rate estisiates (ESMR-^S and radar) were cosqputed for 
the five regions for the entire GATE experiaient and for each phase 
of GATE. For Region X and Region 6 14 day and 7 day naans were 
cosgiuted. in each instance the ratio ESMR-5 rainfall/radar rainfall 
was cosqouted. The following is a listing of the results. Rain rates 
are in as/hr. 

GATE 


REGION 

ESHR-5 

RADAR 

RAsrxo 

X 

0.73 

0.42 

1.74 

XX 

0.74 

0.41 

1.80 

XXX 

0.72 

0.67 

1.07 

XV 

0.67 

0.79 

in 

00 

. 

6 

0.72 

0.54 

1.33 


A 




Mean ratio 1.36 

Standard derivation of ratio 0.41 


PHASE X 


saazoN 



S8MR-5 

RADAR 

RATIO 

I 



0.50 

0.45 

l.ll 

XI 



0.36 

0.46 

0.78 

XXX 



0.54 

0.61 

0.89 

XV 



0.56 

0.54 

1.03 

G 



0.40 

0.64 

0.77 

Mean of ratio 0.91 
Standard deviation 

of ratio 0.15 






PHASE XX 



REGION 



ESMR-5 

RADAR 

RATIO 

X 



0.87 

0.24 

3.63 

XX 



0.85 

0.12 

7.08 

XXX 



0.90 

0.76 

1.18 

XV 



1.14 

1.00 

1.14 

G 



0.94 

0.53 

1.77 

Mean of ratio 2.96 
Standard deviation 

of ratio 2.52 






PHASE XXX 



REGION 



ESMR-5 

RADAR 

RATIO 

X 



0.82 

0.52 

1.58 

XX 



0.94 

0.53 

1.77 

XXX 



0.75 

0.66 

1.14 

XV 



0.52 

0.94 

0.96 

G 



0.76 

0.56 

1.36 


Mean of ratio 1.36 

Standeurd deviation of ratio 0.33 


fOURTIBN DAY MBAM8 RBOXON X 


7 


PERIOD 


SSNR-5 


RADAR 

RATIO 

I 


0.27 


0.26 

1.04 

2 


0.78 


0.62 

1.26 

3 


1.14 


0.28 

4.07 

4 


0.85 


0.53 

1.60 

Mean of ratio 1.99 
Standard deviation of ratio 

1.40 





FOURTEEN DAY MEANS 

REGION 6 


PERIOD 


BSMR-5 


RADAR 

RATIO 

1 


0.47 


0.66 

0.71 

2 


0.72 


0.59 

1.22 

3 


1.16 


0.53 

2.18 

4 


0.68 


0.46 

1.48 

Mean of ratio 1.38 
Standard deviat.icm of ratio 

0.61 





a'^EVEN DKX MEANS 

REGION I 


PERIOD 


ESMR-5 


RADAR 

RATIO 

1 


0a07 


0.19 

0.58 

2 


0.47 


0.40 

1.18 

3 


0.90 


0.76 

1.18 

4 


0.66 


0.49 

1.40 

5 


1.19 


0.02 

59.5 * 

6 


1.09 


0.54 

2.02 

7 


1.21 


0.35 

3.46 

8 


0.50 


0.70 

0.71 

9 0.39 

Mean of ratio 7.89 
Standard deviation of ratio 

19.37 

0.39 

1.0 


* When 59.5 is removed we have: 
Mean -of satio 1.44 

standard deviation of ratio 0.93 


SEVEN DMT jIBAHS EBOZON G 
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PERIOD 

BSNR-5 

RADAR 

RATIO 

1 

0.33 

0.70 

0.47 

2 

0.60 

0.63 

0.95 

3 

0.68 

0.64 

1.06 

4 

0.76 

0.53 

1.43 

5 

1.15 

0.43 

2.67 

6 

1.16 

0.63 

1.84 

7 

1.00 

0.46 

2.17 

8 

0.38 

0.46 

0.83 

9 

0.42 

0.41 

1.02 


Mtut Of ratio 1.38 

Standard daviation of ratio 0*71 

Obsarra that tha Man of the ratio 

ESMR-'S rain rata/radar rain rata 

hovars conaiatantly about 1*4« Zt ia Known that during Phase IX 
of the GATEf tha operation of ESMR-5 was anoauilous. For this 
reason* data fron only 15 GATE coincident overpasses were retrie- 
vable • The results presented hare Indicates that these* too* My 
not be true readings. Nhan tha ratio for tha Phase XI astiMtas 
of rain rata are reaovad froai the coi^atations tha Man ratio is 
1.4 to the nearest hundredth. 

These results indicate that oceanic rain rate estiMtas de- 
rived fron esmr- 5 data ar^ vary consistent than conparad to radar 


astiMtas 
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OTHER PERTINBNT QUESTIONS 

Somal mly* in th« grant propoaal could not h(» 

porfomod in the allotted tine. They are ae follouei 

1. coanare the quality of KSMR-5 aeaiurenenti !••• 

tSm or equal to 30® with that of angles greater than 30 . 

2. Conpare the quality of ESMR-5 raeaaurenenta at scan «n9j;S* 

t^ or equal to 40® with that of angle greater than 40 . 

3. Approxiante the fraction of rain during the ^TB 

that ESMR-5 aaturation affected rain intensity neasuronen , 
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Table 1. ESMR-5 GATE DATA 


• 12 ' 


Day 

Time Span 

Tape -File 

Day 

Time Span 

Tape-File 

179 

0107-0117 

19697-17 

2U 

0000-0017 

L$3l49-6 

179 

12^2-1300 

L9679-I 

211 

01$7«020li 

D$3b9-li 

100 

1207-121$ 

L9679-9 

211 

13l|0-i3li9 

L$3h9-10 

181 

1309-131$ 

19679-17 

212 

0110-0119 

L$3li9-16 

102 

1223-1232 

L$308-10 

212 

12$$-130li 

L$jb9-21 

103 

01i*2-01$3 

L2hhl‘U 

222 

ooki-oo$k 

L$362-h 

103 

132$-1332 

L$3O0-10 

222 

1230-1237 

L$362-1$ 

10U 

00$l4-010$ 

L$3O0-2U 

223 

Oll49-01$6 

L5362-7 

106 

0110-0119 

l$326-20 

22li 

12li$-12$3 

L$368-9 

106 

12$6-130li 

L$228-3 

22$ 

0021-0026 

L5368-17 

107 

0027-003$ 

L$228-8 

227 

003$-00m 

L5301-1O 

107 

1210-1210 

L$220-lli 

227 

12l6-122li 

L5381-1$ 

108 

1313-1319 

l$22$-li 

2U2 

01l43-01$0 

L5399-11 

180 

0130-0137 

L$220-22 

2b2 

132$-1333 

L$399-16 

109 

1227-1238 

L$22$-7 

2b3 

0100-0106 

L$399-22 

190 

01l4$-01$7 

L$22$-13 

2li3 

12l}l-12li8 

L606l-li 

193 

0117-012$ 

L1$99-20 

2hh 

0013-0021 

L686I-12 

193 

1300-1307 

L$327-2 

2hh 

0200-0209 

L6061-11 

19h 

OO33-OOI4O 

L$327-ll4 

2hh 

ll$l4-1202 

L6861-I7 

19U 

1213-1223 

L$327-11 

2 ia^ 

13W4-1350 

L686I-I8 

19? 

I3I6-I32U 

L$360-b 

2ii$ 

12$7-130l4 

L6896-3 

196 

00h8-00$$ 

L$360-11 

2li6 

1210-1219 

L6896-16 

196 

1230-1237 

L$360-i6 

2li7 

0133-0139 

L966I-I 

197 

01$0-01$7 

L$36 o -22 

• 2U7 

1313-1321 

L9661-6 

197 

000$-0012 

L$36o-23 

CO 

CM 

00h3-00$3 

L9661-18 

197 

I332-I3UO 

L$3$9-6 

2hB 

1228-123$ 

L9661-16 

209 

01h0-01$0 

L$269-li 

2U9 

0U47-01$$ 

L$2$5-6 

209 

1325-1332 

L$269-10 

2h9 

1330-1337 

D$2$$-li 

210 

00$3-0103 

L$269-16 

2$0 

12U3-12$2 

L5255-18 

210 

1237-12U5 

L$269-21 

2$1 

0015-0023 

L5276-1 


Table 1 (cpntirmed) 

Day Time Span Tape-File 

2 ^^ 0203-0210 L 5276-2 

251 1159-1205 L5276-6 

252 0116-0125 L5276-IU 

252 1300-1308 L5276-20 

253 0032-00b0 L 53 U 3-9 

253 1215-1223 L 53 U 3-3 

25 U 1316 - 132 U L 53 U 3-15 

255 1232 - 12 UO L 68 U 2-3 

256 1333 - 13 UO L 68 U 2 -H 4 


Day 

Time Span 

Tape-Fil« 

257 

1250-1258 

L6872-6 

258 

1202-1210 

L6872-I3 

259 

0123-0129 

L6872-21 

259 

1305-1311 

L 961 * 9-3 

260 

0037-001*14 

L 961 * 9-10 

260 

1219-1228 

L 9 iSl* 9 -l 5 

261 

0138 - 011*5 

L5268-17 

261 

1321-1327 

L 5268-3 

262 

0053-0100 

L 5268-9 

262 

1235-121*3 

L 5268-15 


250 


•i 

LU 

t/j 200 

w 

UJ 


/// / 


/ / / / 
/if/ 

/ f / * / 

y / / / / 

^ / / / / 

/ / / / 

' / / / 


/ / 


RAINFALL RATE (mm/hr) 


FiS- 2, Calculated brightness temperature at 1.55 cm as a 
function of rain rate for melting levels of 1 2, 3, A and 5 km 

(from Wilheit et al, 1977). 




TABLE 2: DERIVATION OF THE LINE R ■ 0.031 T - 4.258 

6 

T * Brightness Temperature 


R « Rain Rate 


Reqion 

1 

T 

R 

1 

171 

0.64 

2 

175 

1.08 

3 

181 

1.09 

4 

165 

0.43 

5 

172 

1.04 

6 

174 

1.86 

7 

171 

0.82 

8 

175 

0.98 

9 

173 

1.02 

10 

173 

1.05 

11 

172 

1.51 

12 

191 

1.46 


estinvite 

Residue 

0.98 

-.34 

1.10 

-.02 

1.28 

-.19 

0.79 

-.36 

1.01 

+.03 

1.07 

+.79 

0.98 

-.16 

1.10 

-.12 

1.04 

-.02 

1.04 

+ .J5 

1.01 

+.L ■ 

1.59 

-.13 


Table 3» Comparison of ESMR-5 rain intensity estimates via the relation R ■ O.O 3 IT - U.258 with GATE radar 
derived hourly mean precipitation rates for area 11 of Figure 1. 


PHASE I 

ESMR 

RADAR 

PHASE II 

ESMR 

RADAR 

PHASE III 

ESMR 

RADAR 

June 28 N ^ 
28 D 

0.59 

0.00 

July 28 N 

1.28 

1.38 

Aug. 30 N 

2.67 

2,16 

1.18 

1.03 

28 D 

1.75 

0.00 

30 D 

1.60 

o.n 

29 D 

1.88 

nr* 

29 N 

0.71 

1.20 

31 N 

0.70 

0.01 

30 D 

1.52 

m 

y 29 D 

OOiOO 30 N 

l.lli 

0.69 

31 D 

0.75 

0.00 

July 1 D 

1.U3 

0.01 

2.23 

0.27 

Sept. 



2 N 

1.U7 

0.03 

30 D 

1.96 

0.07 

00:22 1 N 

2.16 

0.06 

3 D 

2.55 

0.08 

02 :01 30 N 

1.39 

0.00 

02:10 1 N 

1.U0 

O.Oli 

3 N 

0.76 

0.00 

31 N 

1.05 

m 

12 :03 1 D 

2.03 

O.I 42 

5 D 

0.63 

0.03 

Aug. 1 D 

0.81 

m 

13:51 1 D 

2.01 

0.U7 

5 N 

0.80 

0.32 

10 N 

2.5U 

U.95 

2 D 

1.05 

1.51 

6 N 

1.31 

0.03 

10 D 

2.39 

O.Hi 

3 D 

1.72 

0.03 

6..D 

1.U0 

0.00 

11 N 

1.23 

0.00 

U N 

1.26 

0.00 

7 D 

1.92 

1.33 

13 N 

2.57 

c.oo 

I: D 

1.13 

0.01 

7 N 

1.19 

0.12 

15 N 

1.06 

0.00 

5 N 

1.88 

0 . 8 I 1 

8 D 

2.08 

l.Oti 

15 D 

1.25 

0.00 

5 D 

1.97 

2.53 

9 N 

1 . 2 U 

m 




6 N 

1.29 

n 

12 N 

1.12 

0.00 




6 D 

2.39 

1.17 

12 D 

0.71 

0.00 




7 D 

0.72 

0.09 

13 N 

1.75 

0.10 




8 N 

2.22 

0.36 

13 D 

2.01 

0.77 




9 !: 

1.37 

0.10 

Hi D 

2.01 

1.36 




5 D 

1.27 

3.1:9 

15 N 

1.87 

2.65 




10 

1.52 

0.18 

15 D 

1.2U 

0.10 




10 D 

1.39 

0.02 

16 N 

1.17 

0.00 




11 D 

1.30 

0.00 

16 D 

1.5U 

0.00 




12 D 

2.50 

3.00 







13 D 

2.32 

m 







Hi D 

1.3U 

2.83 







15 D 

1.67 

0.10 

PHASE I AVERAGE: 

ESMR - l.Ul, 

RADAR - O.Uli RATIO 

- 3.UU 


16 N 

1.52 

0.33 

PHASE II AVERAGE: 

ESMR - 1.56, 

RADAR - 0.67,' RATIO 

- 2.33 


13 :05 16 D 

1.77 

3.21 

PHASE III AVERAGE: 

ESMR - 1 . 61 , 

RADAR - 0.79; RATIO 

- 2.08 


00:37 17 N 

1.66 

0,6k 

GATE AVERAGE: 

ESMR - 1.53, 

RADAR - 0.6U; PATIO 

- 2 .U 0 


17 D 

2.05 

0.5U 







18 N 

1.U3 

0.03 

Night 






18 D 

1.53 

0.02 

# Day 






19 K 

0.95 

0.22 

/ GMT 






19 D 

1.80 

1.61 


“ Missing 


* 

Figara 3. Subdivisions of ths t«o-dsgrs« squsrs rsgion csntsrsd st 
(23*5^ Wf 8 m 5^ H). Ths Isttsr G dsnotss ths sntirs rsgion. 

(24.5° W, 9.5° M) (22.5° W, 9.5°S) 




Capp. Verde Islands 
• ^ 0 



North Atlantic Ocean 
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